Mineral solutions are widely used in hydroponic cultivation but little is known about the use of organo-mineral solutions. With this focus, the present study aimed to evaluate the production of three green-leaf lettuce genotypes (Thaís, Vanda and Verônica) in eight nutrient solutions, in NFT hydroponic system, set up in gutters. Four mineral solutions were used in this experiment, referred to as the respective names of the authors (Bernardes, Furlani, Castellane and Araújo, and Ueda). Moreover, four organo-mineral solutions (using biofertilizers in their formulation) were applied, totally eight nutrient solutions. The experiment was carried out in randomized blocks in split plots with three replicates. The main plots consisted of eight nutrient solutions and three lettuce cultivars were assigned in subplots (including six plants per subplot). Lettuce production was evaluated 25 days after transplanting, through the determination of shoot fresh phytomass (SFP), root fresh phytomass (RFP), shoot dry phytomass (SDP) and root dry phytomass (RDP). Production variables were not influenced by the interactive effect of the studied factors. Individually, the nutrient solutions influenced the production parameters and there was variation among the lettuce cultivars only for root fresh phytomass. Higher commercial production of lettuce was obtained with the mineral solutions of Bernardes, Furlani, and Castellane and Araújo.
Introduction
A large area of Northeast of Brazil is located in the semi-arid region, characterized by low and irregular rainfall in most of its areas . In the 'Brejo Paraibano' region, the water situation is aggravated by limited water storage sources despite having higher rainfall levels. The local populations in this region exclusively depend on family farming, among which lettuce is the most cultivated crop .
The lettuce crop (Lactuca sativa L.) has undeniable importance for human diet, being exploited in the entire national territory due to its pleasant taste, low cost and nutritional quality, since it is rich in vitamins, minerals and fibers. It is the most popular vegetable among those whose leaves are eaten raw and still fresh (Fernandes et al., 2002; Cometti et al., 2004; Helbel Junior et al., 2007) .
Seasonality of production, depends on climate, land as a production factor among others, being peculiar characteristics of the agricultural sector that limit food production and increase the risks of rural activities. Vegetable production is an advantageous agricultural activity, when practiced under adequate environmental conditions and close to marketing centers. Hence, it is essential to seek new alternatives of cultivation and technologies that contribute to the increase of yield (Araújo et al., 2009) .
Food production in hydroponic systems stands out in Brazil and in various countries as an alternative to increase the yield of different crops (Ohse et al., 2001 ). Many studies have already been carried out with the hydroponic cultivation of lettuce, such as Paulus et al. (2010) , Paulus et al. (2012) , Alves et al. (2011) , Santos et al. (2011) and Sarmento et al. (2014) . Nonetheless, all refers to the use of mineral nutrient solutions, especially that of Furlani (1995) . There are few studies relating the use of organic or organomineral solutions for lettuce growth and production in a hydroponic system. Recently, studies have been carried out to substitute the use of mineral fertilizers in nutrient solution composition (totally or partially) using alternative sources that are more economic and available in rural properties (Charoenpakdee, 2014) . Dias et al. (2009) , recommended the use of biofertilizers as substitution to mineral nutrient solutions due to their high nutritional composition. Sikawa and Yakupitiyage (2010) indicated that there is a great potential in using pond in hydroponic production of lettuce.
Biofertilizer is one of the main organic inputs being used in agroecological systems. But the lack of information for standardization limits its application, since each crop has a specific nutritional requirement, which is not taken into consideration during the preparation (Lovatto et al., 2011) .
According to Ribeiro et al. (2007) , it is feasible to use organo-mineral solutions based on biofertilizer in the hydroponic cultivation of lettuce. However, the great challenge to formulate such solution is the calculation to balance the nutrients, because the inorganic ingredients have macro-and micronutrients at different concentrations. Since there is little information on the use of organic fertilizers in hydroponics, this study aimed to evaluate the cultivation of three green-leaf lettuce cultivars in the NFT hydroponic system, with different mineral and organomineral nutrient solutions.
Results and discussion

Root fresh and dry phytomass production
Production variables were not influenced by the interactive effects of the studied factors. Individually, the nutrient solutions influenced (p < 0.01) the production parameters and there was variation among the lettuce cultivars only for root fresh phytomass (p < 0.05), according to the results of the analysis of variance (Table 1) .
Regarding root fresh phytomass (Fig. 1) , the cultivar Verônica was outstanding (39.63 g plant ). However, there was no significant difference between the latter and the cultivar Verônica. Evaluating different cultivars of green-leaf lettuce in hydroponic cultivation, Blat et al. (2011) also found superiority of the cultivar Verônica regarding root fresh phytomass (27.2 g plant , respectively. The mineral solutions of Bernardes (T 1 ) and Furlani (T 3 ) favored higher root fresh phytomass. The lowest results were observed using the other nutrient solutions ( Fig. 2A) . Regarding the root fresh phytomass, we compared solutions with the same chemical composition and we observed better performance in root fresh phytomass using Bernardes mineral (T 1 ) over Bernardes organo-mineral (T 2 ), Furlani mineral (T 3 ) over ) and Ueda mineral (T 7 ) over Ueda organo-mineral (T 8 ), respectively.
The lowest mean values of root dry phytomass were obtained with the use of organo-mineral solution, except the treatments with Furlani mineral (T 3 ) and organo-mineral (T 4 ) solutions, in which the roots did not differ for phytomass. Kawamura-Aoyama et al. (2014) and Shinohara et al. (2011) , studied the utilization of organic nutrient solutions in the production of lettuce and observed lower values of root dry matter in lettuce plants cultivated in mineral solution, compared to the organic solutions. This fact can be associated with the components of the solutions, because these authors worked with 100% organic solutions, whereas in the present study the modified solutions were organomineral (biofertilizer + mineral fertilizer). According to Rosa et al. (2009) , higher dry matter accumulation in the roots of plants cultivated with organic solutions may be related to the bioactivity of humic substances, which may have auxinic effect on the plants and with activation of H + -ATPase of the plasmatic membrane. Activation of H + -ATPase promotes electrochemical gradient of H + , favoring the acidification of the apoplast, which leads to the rupture of bonds of the cell wall, promoting its elasticity and cell growth.
Shoot fresh and dry phytomass production
The highest values of shoot fresh phytomass were observed in plants that received the mineral solutions of Bernardes (T 1 ), Furlani (T 3 ) and Castellane and Araújo (T 5 ) ( , respectively. The inconsistency between the data of this research and above mentioned authors may be attributed to the temperature record during the experiment because, while these authors observed mean values lower than 34 ºC, the temperatures inside the greenhouse in the present study were higher than 36 ºC during 65% of the evaluation period, reachin maximum of 38 ºC. Blat et al. (2011) , harvested 179.20 g lettuce plant -1
. They also pointed out that high temperature (maximum mean values of 37 ºC) is an important factor in the reduction of production. Table 2 . Chemical composition of the biofertilizers used to prepare the modified nutrient solutions. T2 T3 T4 T5 T6 T7 T8  Nutrient solution   T1 T2 T3 T4 T5 T6 T7 T1   T3   T5   T7   T2   T4   T6   T8 According to Feltrim et al. (2009) , lettuce plants accumulate less fresh matter in the shoots, when there is thermal stress by high temperatures, because the plant transpires too much, causing a large reduction in the production of organic compounds (Sousa Neto et al., 2010) . Although the organo-mineral solutions promote lower shoot fresh phytomass, the mean value per plant was obtained in Furlani organo-mineral solution (T 4 ) (88.84 g), similar to that 98.69 g was found by Dias et al. (2009) , using the mineral solution of Furlani. A similar result was also observed for the Castellane and Araújo organo-mineral solution (T 6 ), whose production of 73.27 g surpassed the 56.12 g plant -1 obtained by Testolin et al. (2014) , using fish farming water complemented with 100% of the recommendation of micronutrients proposed by the solution of Castellane and Araújo (1994) .
There were lower values of shoot fresh phytomass with the use of the organo-mineral nutrient solutions, comparing solutions with similar chemical composition, i.e., Bernardes mineral (T 1 ) with Bernardes organo-mineral (T 2 ), Furlani mineral (T 3 ) with Furlani organo-mineral (T 4 ) and so on.
The use of mineral and organo-mineral nutrient solutions resulted in the highest and lowest mean values of shoot dry phytomass, respectively (Fig. 2D) . In decreasing order, the values corresponded to 11. 48, 11.31, 10.09, 8.23, 6.62, 5.10, 4.77 and 2.82 g plant -1 with the use of the treatments T 3 , T 1 , T 5 , T 7 , T 4 , T 2 , T 6 and T 8 , respectively. Similar behavior was observed by Gallo et al. (2016) , studying the hydroponic production of lettuce using mineral and organo-mineral nutrient solutions, the latter composed of phytoplankton extract. The mean values obtained using modified nutrient solutions were higher than those reported by Sikawa and Yakupiyiyage (2010) , who found 0.9, 2.76 and 1.6 g plant , while Paulus et al. (2010) obtained shoot dry phytomass of 12.16 g plant -1 of lettuce cultivar Verônica in the Furlani solution. On the other hand, Luz et al. (2010) , using nutrient solution with 50, 75, 100 and 125% of the concentration proposed by Furlani, obtained values of 11.33, 13.66, , respectively. The reason for the lower productions of shoot fresh phytomass and shoot dry phytomass using the organomineral solutions may be associated with the adsorption of nutrients by organic compounds, reducing the supply of the respective ions to the plants, at a level not equivalent to that of mineral solutions. Such information corroborates with Monteiro Filho et al. (2014) . Dias et al. (2009) observed reductions of 95.59% and 92.25% in shoot fresh and shoot dry phytomasses of lettuce, respectively, with the treatment of 100% biofertilizer instead of 100% mineral using nutrient solution of Furlani. According to the authors, such behavior is related to the slow release of ions from the exchange complex, which comes from organic substances still undergoing mineralization and the low nutritional content of the biofertilizers. In addition, the nutrients coming from organic fertilizers typically contain complex molecules, such as proteins, which need to be decomposed into its constituent elements before being absorbed by the plants. Besides bovine manure, the modified solutions used in the present study contained poultry blood and milk, ingredients that are rich in proteins and probably were not totally decomposed during the biodegradation process, which also contributed to the lower shoot fresh phytomass and shoot dry phytomass, compared to the mineral solutions. It should be highlighted that the predominant form of N in liquid organic fertilizers is the ammonium ion (NH 4 + ); thus, before being injected in the hydroponic system, it must undergo oxidation to nitrite and then to nitrate (Treadwell et al., 2007) . The absence of nitrification of the biofertilizers observed in the present study is evidenced by the high NH 4 + concentration (Table 2) , which can be an explanation for the lower results obtained with the organo-mineral solutions. The lower production observed using organo-mineral solutions, compared to the mineral, can also be related to the supply of nutrients that are essential to the crop, because the solutions had the same electrical conductivity (1.5 dS m -1 ). Therefore, it is not possible to evaluate the actual contribution of the organic fraction to the electrical conductivity.
In general, plants were in good external state, with no signs of nutritional deficiency, regardless of the utilized solution (Fig. 3 ).
Materials and methods
Experiment location and conduction
The experiment consisted of cultivation of 3 green-leaf lettuce cultivars in 8 nutrient solutions in hydroponic system. We adopted the nutrient-film technique (NFT), carried out in a protected environment (greenhouse) at the Center of Agricultural and Environmental Sciences of the State University of Paraíba, located in the city of Lagoa Seca, Paraíba, Brazil, at the following geographic coordinates: 7° 10′ 15″ S, 35° 51′ 14″ W. The mean temperature in the greenhouse was 35.2 ºC.
The experiment tested four mineral nutrient solutions formulated with chemical fertilizers according to the methodology of Bernardes (1997) , Furlani (1995) , Castellane and Araújo (1994) , and Ueda (1990) , referred to as T 1 , T 3 , T 5 and T 7 , respectively. The other four solutions were organomineral, formulated from the mixture of biofertilizers and chemical fertilizers with chemical compositions similar to those of the previously mentioned, resulting in the organomineral nutrient solutions of Bernardes (T 2 ), Furlani (T 4 ), Castellane and Araújo (T 6 ), and Ueda (T 8 ). The quantities of chemical fertilizers and biofertilizers used in the formulation of the nutrient solutions are described in Table 3 . The experiment was set up in randomized blocks in split plots, with three replicates. Plots contained the eight nutrient solutions (T 1 -T 8 ) and subplots contained the green-leaf lettuce cultivars: Thaís, Verônica and Vanda. Plants were cultivated in gutters spaced by 0.30 m, with spacing of 0.30 m also between plants. The subplot had 6 plants of each cultivar.
Preparation of organo-mineral nutrient solutions
The organo-mineral nutrient solutions were prepared by formulating four biofertilizers, according to the methodology proposed by Fernandes et al. (2011) , obtaining mixtures of organic ingredients with chemical compositions similar to those suggested by Bernardes (1997) , Furlani (1995) , Castellane and Araújo (1994) , and Ueda (1990) in their mineral solutions. These biofertilizers were referred to as BIO1, BIO2, BIO3 and BIO4, respectively. The ingredients were bovine manure, bovine milk, blood of poultry raised in the Center of Agricultural and Environmental Sciences of the State University of Paraíba state, and molasses, purchased in the market of Campina Grande city, Paraíba state.
After formulation, the ingredients were mixed and diluted in 30 L of rainwater. To promote the action of aerobic microorganisms, compressed air was injected in the biofertilizers using an air compressor for 30 days, which ensured a dissolved oxygen concentration close to 2.0 mg L (Table 2) .
Since the results of the chemical characterization of the biofertilizers were inferior to the nutritional concentrations recommended by Bernardes (1997) , Furlani (1995) , Castellane and Araújo (1994) , and Ueda (1990) , mineral fertilizers were used in complementation, constituting the organo-mineral nutrient solutions.
Planting, nutrient solution calibration and analyzed production parameters
Green-leaf lettuce seedlings were produced in phenolic foam, according to the methodology described by Monteiro Filho et al. (2014) .
The nutrient solutions were supplied into the gutters after daily calibration with water and stock nutrient solutions according to the treatments, to maintain a volume of 17 L in the tank, electrical conductivity of 1.5 dS m -1 and pH close to neutrality, with the use of a solution of NaOH or H 2 SO 4 (1 mol L -1 ). Lettuce production was evaluated 25 days after transplanting, through the determination of shoot fresh phytomass (SFP), root fresh phytomass (RFP), shoot dry phytomass (SDP) and root dry phytomass (RDP), after drying the samples in forced-air oven at 60 ºC, until constant weight.
Statistical analysis
The data of production parameters were subjected to analysis of variance by F-test at 0.01 and 0.05 probability levels. When significant effect was observed in the analysis of variance, the means obtained in the different treatments were compared by the tests of Scott-Knott (nutrient solutions) and Tukey (cultivars), both at 0.05 probability level. For normality purposes, the data of RFP, RDP, SFP and SDP were transformed to: respectively. The statistical software used was Sisvar (Ferreira, 2014) .
Conclusion
Higher commercial production of lettuce was obtained with the mineral solutions of Bernardes, Furlani and Castellane and Araújo. Regardless of the nutrient solution, no visual signs of lack or toxicity were observed in the lettuce plants. Lettuce production using modified solutions with electrical conductivity above 1.5 dS m -1 should be evaluated. The biofertilizer used to prepare the solutions must be maintained under adequate time and condition for decomposition of composition and also for the nitrification process to occur.
